The spreading of macroscopic droplets P. Levinson Abstract. 2014 Some experimental results on the macroscopic spreading of hanging and sessile drops on smooth surfaces are presented. The results for sessile drops nicely corroborate the main aspects of the spreading theory of de Gennes and Joanny. However, it is shown that one assumption of the theory, namely the retainment of a self-similar shape during spreading, which is approximately true for sessile drops, cannot be used for hanging drops, for which no theory is available. We propose a numerical resolution of the hydrodynamic equations which relaxes the necessity of self-similarity. The [5, 6] showed that Tanner's law is also valid for S &#x3E; 0. A positive S does not interfere with the spreading dynamics of the macroscopic drop because a very thin precursor film develops in front of the macroscopic edge. In the film, S is entirely burnt up by viscous dissipations [5, 6] .
The width of the crossover region (xl ) between the macroscopic edge and the film is of the order of -a/82 (where a -Â) and thus extremely small (see Fig. 1 ). [4, 7] . Silicone oil is convenient because it has a low surface tension ( y = 20.6 mN . m -1 ), and therefore wets most surfaces and is non-volatile. In addition extreme clean surfaces are not required to obtain reproducible results at the macroscopic scale.
Moreover, a wide range of viscosities is available.
Most of these studies dealt with small drops ( K R 1 ) and the results were in good agreement with the predicted power laws Q3/10 t 1110, We decided to study larger drops around the crossover range R -K -1. For figure 3 , where the experimental points for the silicone with viscosity 17 = 100 Pa.s are reported. The silicone polydispersity cannot be invoked to explain this smoothing of the curves because the transition was found not to depend on the oil in the Log R versus Log t frame.
Again, some characteristic time for the changes in drop shape might cause this effect.
For the largest (03A9 &#x3E; 30 03BCl) and smallest (il 2 &#x3E;1 ) drops, equations (2) are again obeyed :
The experimental accuracy is very good for the time variation (see Fig. 3 ). The agreement is poorer for the exponents in the f2 and 11 dependency (10 % for the first one, 15 % for the second one) but they are clearly different for KR &#x3E; 1 or KR « 1. Note that longer times are needed for the transients to vanish (-5 min for 17 = 100 Pa.s).
3. Hanging drops. -For small, non-extended drops (KR « 1 ), the same behaviour is expected both for sessile and hanging drops because it is the range where gravity is negligible. [5, 11] . However, the full development of the film would take many years.
At the time scale of our experiments, a quasi macroscopic equilibrium is reached with 9=0 at the edge.
As soon as gravity plays a role, an approximate self-similar treatment is no longer adequate because the shape of the drop changes significantly during spreading. As yet, no prediction exists for this case.
We decided to investigate numerically the shape of the drops in order to obtain a description which would not involve any self-similarity assumption.
A NUMERICAL STUDY. -Previous studies [4, 5] Finding a good agreement with the predictions of the self-similar approximation for KR 1 and K R &#x3E; 1 is not surprising because self-similarity holds in these limiting cases (Fig. 6) . But and 6 show that the crossover is rather wide. The spreading of high viscosity oils (smooth experimental curves, Fig. 3 ) is better described than the spreading of low viscosity ones (experimental sharp transition). The shape of the drops for the latter case might be different from the static one in the crossover.
From the numerical results, we can predict the apparent (mean) slope of the various curves of the figure 3. The agreement is quite good, indicating that the numerical results satisfactorily describe the drop behaviour.
For hanging drops, the slope of the Log R versus Log e plot goes to zero at vanishing 8. A constant value Roi 7.5 mm, practically independent of the drop volume in the investigated range, is obtained for e --&#x3E; 0. 1.1 (see Fig. 7 ). For the volume f2 of the drop, we have (insert e = 0 in Eq. (8)) As R 2 h is 1.1 for e = 0, the product MA is a constant, independent of the drop volume. In the , same limit, R is also a constant R = Ro. If we compare drops for different volumes at 0 = 0, they can be deduced by a similarity in the vertical direction (Fig. 8) . Then the behaviour of hanging drops in the 9 ~ 0 limit is explained. Again in this case, there is a good agreement between the expected slopes and the experimental ones for the curves in figure 4. Moreover The result is which has the form of a diffusion equation.
In the limit of very extended precursor films, their thickness is also practically a constant e,, and the velocity at the film edge is much larger than the velocity at the drop edge. The precursor is driven by the constant force S per unit length and one has [11] i.e. also a diffusion-like equation ; * at very long times, the central drop disappears and our analogy fails. The behaviour of a flat drop on a smooth surface has been calculated by Joanny [5] . Here 
